The pathophysiology of migraines has been commonly explained by the trigeminovascular theory, although recent studies have suggested that the cause of migraines stems from cortical hyperexcitability. The aim of this study was to demonstrate the effectiveness of antiepileptic drugs for treating patients with cephalic hypersensitivity symptoms in Japan. In this study, we assessed the (1) demographics; (2) medical history; (3) treatment status and (4) electroencephalograms of the subjects. This study was performed after approval by the ethics committee at Tokyo Women's Medical University. We examined the electroencephalograms of 1,616 patients experiencing daily headaches accompanied by dizziness and cephalic ringing. Of these patients, approximately 80% had migraine without aura, and were asymptomatic before migraine onset. In addition, we measured the effects, dosages, and treatment durations of anti-epileptic drugs commonly prescribed as migraine prophylactics in 172 patients (age ± standard deviation: 55.8 ± 14.3 years) with cephalic hypersensitivity symptoms. Our results suggested that the electroencephalogram abnormalities related to cephalic hypersensitivity symptoms were associated with age and photophobia. Anti-epileptic drugs for cephalic hypersensitivity symptoms may be effective for reducing cerebral hypersensitivity. Statistics show that the drugs were markedly effective in about 28% of patients, moderately effective in 52% of patients, and not effective in 20% of patients. Our study suggests that erroneous migraine treatment methods from childhood may exacerbate hypersensitivity of the brain leading to the development of dizziness, tinnitus, or cephalic ringing, and shows that anti-epileptics are effective for treating this condition.
Introduction 
It has recently been argued that patients who tend to experience migraines also exhibit hypersensitivity of the brain from childhood [1] . In particular, at migraine onset, an excitation wave originating in the medial occipital lobe, which is located in the visual cortex, is propagated toward the cerebral frontal lobe, with the excitatory symptoms in the occipital lobe appearing as an aura known as a central scotoma. The major pharmacological mechanisms of triptans are believed to act on serotonin (5-HT, 5-hydroxytryptamine;) 1B receptors, found in the walls of cerebral blood vessels, and on 5-HT 1D receptors, found in trigeminal nerve endings surrounding the cerebral vessels. Furthermore, some medications, albeit only a few, also act on 5-HT 1F receptors in the trigeminal nucleus. These drugs were bound to the receptors during the time that migraine attacks to inhibit neurotransmission within the trigeminal nucleus, thereby fundamentally aborting the migraine attacks [2] .
Misuse of NSAIDs (non-steroidal anti-inflammatory drugs) or enduring attacks while bypassing the appropriate treatment results in the continuation of a state of sensitized central hypersensitivity; however, as irritation of the trigeminal nerve around blood vessels declines, complaints of headache itself diminish or disappear. Nevertheless, the brain remains in a sensitized state, D DAVID PUBLISHING which has its roots in the trigeminal nucleus of the brainstem. Alternatively, although the pain declines because the pain pathway from the thalamus to the prefrontal area of the cerebral cortex loses its excitability over time, the thalamus remains in a sensitized state. The sensitized state of the thalamus is propagated to the contralateral cerebral hemisphere via the thalamocerebellar tract, causing dizziness and tinnitus in patients with migraine who have failed to undergo appropriate treatment [3] . Furthermore, the hypersensitivity to sound that occurs during migraines may develop into cephalic ringing, caused by severe chronic hyperexcitation of the temporal lobe [4] . Ueyamal et al. [5] also reported a magnetic resonance imaging study that suggested dizziness may be caused by hyperexcitation of certain areas of the brain.
We have previously reported that such erroneous migraine treatment methods from childhood may exacerbate the hyperexcitability of the brain and cause dizziness, tinnitus, or cephalic ringing to develop [6] . In a recent study, Han et al. [7] carried out a randomized crossover trial of drugs that act on gamma-aminobutyric acid receptors for cephalic ringing, and found that clonazepam was an effective treatment for cephalic ringing. Similar to the report by Han et al. [7] , we carried out a retrospective study to demonstrate the effectiveness of anti-epileptic drugs for treating patients with CHS (cephalic hypersensitivity symptoms) in Japan, the results of which are reported herein.
Methods

Participants
A total of 1,616 patients who had been examined at participating medical institutions and met the following selection criteria were isolated from clinical records databases: (1) complaint of dizziness or cephalic ringing; (2) migraine with or without aura based on the International Classification of Headache Disorders, 2nd edition (ICHD-II) International Diagnostic Criteria for Migraine [8] and (3) EEG (electroencephalogram) results available.
Study Design
This was a retrospective single cohort study designed to evaluate the burden of disease in patients with CHS and to determine the efficacy of treatment.
Observations
Date of birth, sex, and complications (depression, dizziness, etc.), were recorded from clinical records as the patients' background information. In addition, the EEG test results (Figs. 1a and 1b show typical abnormal and normal EEGs, respectively) were documented as clinical findings, and the use of triptan medications and anti-epileptics (valproate sodium, clonazepam, topiramate, etc.) were noted.
Statistical Analysis
The following demographic characteristics were calculated: mean age  SD, sex distribution, mean duration of disease  SD, and percentages of complications. Logistic regression analysis was performed, with the demographic characteristic indices, EEG findings, and clinical findings as independent variables in order to explore factors contributing to the EEG abnormalities. A sub-analysis of patients who used anti-epileptics was also performed to evaluate the therapeutic efficacy of the drugs, and the frequency distributions of their efficacies (marked response, moderate response, or no change) were calculated. Survival analysis was also performed using the Kaplan-Meier method to explore the correlation between the therapeutic efficacy of anti-epileptics and their duration of use.
Ethical Considerations
This study was performed after approval by the ethics committee at Tokyo Women's Medical University in compliance with the ethical guidelines for epidemiological and clinical studies published by the Ministry of Health, Labour, and Welfare and the Ministry of Education, Culture, Sports, Science, and Technology.
Results
Demographic Characteristics
The mean age of the 1,616 patients was 45.68  15.2 years, with women accounting for approximately 77% of patients.
Characteristics of the Clinical Findings
Approximately 4% of patients also experienced depression, and approximately 15% of patients experienced dizziness.
Exploration of Factors Affecting EEG Abnormalities
Results showed that age and temporal proximity to photostimulation were significant factors affecting the EEG abnormalities (Table 1) .
Effectiveness of Anti-epileptics
Of the 1,616 patients, the effectiveness of anti-epileptics could be evaluated in 172 patients. The calculated frequency distributions showed that the drugs had a marked response in 28% of patients and a moderate response in 52% of patients, thus displaying therapeutic efficacy in 80% of patients ( Fig. 2 ). As the duration of anti-epileptic use differed between patients, survival analysis was also performed using the Kaplan-Meier method. The results of this analysis showed that the median time to improvement was 294.0 days (95% confidence interval: [237.0, 351.0]) ( Fig. 3 ).
Discussion
We have previously reported that erroneous migraine treatment methods from childhood may exacerbate hyperexcitability of the brain and cause dizziness, tinnitus, or cephalic ringing to develop [4] .
In this study, we increased the number of patients, explored factors contributing to EEG abnormalities in patients showing therapeutic medication effects, and investigated the efficacy of anti-epileptics. We found that age and temporal proximity to photostimulation were significant factors associated with EEG abnormalities. A therapeutic effect of anti-epileptics was evident in 80% of patients, and the median time to improvement was 294.0 days. These results establish that the use of anti-epileptics is effective for treating CHS. In our previous study [4] , we found that the incidence of EEG abnormalities decreased by  90% in the absence of cephalic ringing. A statistical analysis of EEG abnormalities and trigger factors such as sudden deafness and cephalic ringing showed that the incidence of EEG abnormalities decreased by approximately 70% in the absence of sudden deafness, and by approximately 50% in the absence of cephalic ringing. This finding suggests that a considerable number of patients diagnosed with spontaneous sudden deafness, and those who are troubled by hearing difficulties or white noise, may have EEG abnormalities due to CHS.
In light of the results of previous studies, below we propose several new diagnostic criteria for CHS. (Table 2) CHS is a general term for the multiple symptoms, including dizziness and cephalic ringing, which may arise over time when migraine and other forms of chronic headache are not treated appropriately.
The diagnostic criteria for migraine used in this study were the revised international categories for migraine, and we used the ICHD-II for diagnosis. We also considered developing separate criteria for cluster headache, which, like migraine, exhibits the height of cephalic hypersensitivity only in abnormal EEGs. However, the intense pain of cluster headache can cause psychological effects, occurs at intervals of several years, has a tendency to be long and drawn-out, and has an indeterminate end. Therefore, in the present study, we included only a history of migraine and other forms of chronic headache. However, the possibility that patients with tension headache might also be included could not be ruled out, and caution is required on this point. It should also be noted that ordinary migraines also appeared while patients were being treated for CHS. Patients may not have initially noticed the migraines because of the extremely severe cephalic ringing and dizziness; however, as these symptoms were alleviated during the course of treatment, they may have gradually started to recognize the normal migraine symptoms. It is possible that the diagnosis reverts from CHS to migraine at this point.
According to the ICHD, the third edition (beta version; ICHD-Ⅲβ) [9] published by the Headache Classification Committee of the International Headache Society, "vestibular migraine," which has similar characteristics to CHS, has been newly categorized with its own set of diagnostic criteria.
This edition states that patients with migraine who are troubled by moderate to severe vestibular symptoms such as vertigo/dizziness should be diagnosed with "vestibular migraine." However, for now, patients with these characteristics are aligned with our proposed diagnostic criteria (Table 2) , which go beyond those of the ICHD by including EEGs as part of the diagnostic criteria. (Fig. 4) Migraine pain is felt as pain in the prefrontal area of the cerebral cortex when excitatory information via the trigeminal nucleus is transmitted via the thalamus.
Basic Pathology of CHS
The cranial and facial allodynia that accompanies the severe migraine mentioned above represents the sensitization of the thalamus and its increased susceptibility to excitation because of the increased excitability of the brain. This increased excitability is caused by a failure to undergo appropriate treatment with triptan medication to stabilize migraine attacks, or by enduring or overlooking the pain of migraine Table 2 The amended definition of "cephalic hypersensitivity symptoms".
Of the following items, patients must meet at least one entry: -have a history of chronic headache and migraine* in the past -within a second degree of relation to a sufferer of chronic headache and migraine Of persons who meet the above, they must also fulfill at least two or more of the following items (incidentally, in the treatment of irritable brain syndrome, headaches may have occurred in the past): A. Three or more of the following symptoms must interfere with daily and social life -unilateral or bilateral tinnitus -insomnia -increasing anxiety -transient impairment of higher brain functions -heaviness of the head -labile and rotating dizziness B. Observed abnormal EEG findings suggesting generalized hypersensitivity C. Independent of other disorders *Migraine should be diagnosed in accordance with the ICHD-II. ICHD: International Classification of Headache Disorder, the second edition; EEG: electroencephalogram.
because of the suppression of this excitatory information. This excitability also declines over time, and when it no longer reaches the cerebral cortex, the pain subsides. The basic pathology of migraine according to the trigeminovascular theory is that the trigeminal nerve endings that surround the major cerebral blood vessels also react to the neuroinflammatory proteins that appear in their surroundings during migraines. This causes the expansion and edema of the walls of cerebral blood vessels, which stimulate the trigeminal nerve endings and transmit migraine information to the trigeminal ganglion. However, this vascular expansion is also believed to decrease gradually with age-related arteriosclerosis. One side of the hypothalamus exchanges information with the contralateral cerebellar hemisphere via the thalamocerebellar tract, and this sensitized excitable information may not reach the cerebral cortex, but may instead propagate to the cerebellar hemisphere via the thalamocerebellar tract, appearing as the dizziness associated with CHS. Obstinate cephalic ringing may occur when the auditory area, located in the parietal lobe, is sensitized, or by the weakening of the damping system in the limbic cortex.
Treatment of CHS
As previously described, migraine is the underlying disease for most patients who develop CHS, and anti-epileptics, which have a migraine-preventing effect, are frequently the first-choice drugs for weakening the hyperexcitability of the sensitized brain. Sodium valproate and clonazepam were officially approved in Japan for preventing migraine only recently, and in the United States, topiramate, which can effectively prevent migraine, is also available. If these anti-epileptics are insufficiently effective, the tricyclic antidepressant amitriptyline hydrochloride, which improves the instability of 5-HT in cerebral vessels occurring during migraine and raises the pain threshold, or selective serotonin reuptake inhibitors such as paroxetine hydrate, may also be used successfully in combination. When these medications are prescribed, the patient's symptoms and EEGs should be monitored for changes, and the doses of these drugs should be gradually lowered as EEG findings improve. If the patient starts to recognize normal migraine pain during treatment, the possibility of using triptans, which improve brain excitability, should be considered after confirming the cardiovascular and cerebrovascular stability of the patient's condition. Further, CSD (cortical spreading depression) of Lea˜o is the likely underlying mechanism on development of migraine attack, which can also be alleviated by anti-epileptics as a prophylactic medication.
The results of our study suggest that erroneous migraine treatment methods from childhood may exacerbate hypersensitivity of the brain and cause the development of dizziness, tinnitus, or cephalic ringing, and show that anti-epileptics are effective for treating this condition.
Conclusion
Our study suggested that mistaken methods of treatment of migraine from childhood may exacerbate hypersensitivity of the brain and cause the development of dizziness, tinnitus, or cephalic ringing, and that anti-epileptics are effective for treating this condition. Latent varicella zoster virus in the trigeminal ganglion may also be one exacerbating factor that leads to migraine attacks becoming more serious, but further investigation is required.
